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(54) CLA biosynthesis by bifidobacteria 



(57) Nineteen strains of Lactobacillus, 2 strains of 
Lactococcus, 1 strain of Pediococcus, 4 strains of Pro- 
pionibacterium and 23 strains of Bifidobacterium were 
screened for their ability to produce conjugated linoieic 
acid (CLA) from linoieic acid. Of these, 7 strains of Bifi- 
dobacterium, as well as 2 strains of Propionibacterium 
produced the cis-9, trans-tf CLA Isomer from linoieic 
acid. In contrast, strains of Lactobacillus, Lactococcus 
and Pediococcus lacked the ability to synthestse CLA 
CLA (c/s-9, transAA isomer) production by the genus 
Bifidobacterium was shown to exhibit considerable in- 
terspecies variation, with 8. breve and B. dentiumbeing 
the most efficient producers among the strains tested, 
yielding up to 65 % conversion of linoieic acid to CLA at 



linoieic acid concentrations of 0.2-1 .0 mg/ml in MRS me- 
dium. The growth of B. breve strains was inhibited by 
increasing concentrations of linoieic acid. Viability of 0. 
breve 2257 was unaffected in the presence of up to 0.5 
mg/ml linoieic acid for 48 h but was dramatically reduced 
to 1 .5% survival at 1 mg/ml linoieic add. However, via- 
bility of the B. breve strains NCFB2258, NCTC 11815, 
NCIMB 8815 and NCIMB 3807 was reduced to < 60 % 
at linoieic acid concentrations of 0.2 mg/ml. These data 
suggest that certain strains of bifidobacteria may have 
applications to elevate CLA content of food products 
and CLA status In humans. 
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Description 



INTRODUCTION 



5 [0001] Conjugated llnolelc acid (CLA) refers to a mixture of positional and geometric isomers of linoleic acid, and 
has gained considerable attention In recent years because of the many beneficial effects attributed to the c/s-9, trans- 
1 1 and trans-1 0, cis-1 2 isomers, in particular. These include anttcarcinogenic activity, antiatherogenic activity, the ability 
to reduce the catabollc effects of immune stimulation, the ability to enhance growth promotion and the ability to reduce 
body fat (Martin and Bannl, 1 998 for review, and references therein). Of the Individual Isomers of CLA, c/s-9, trans- 

10 11-octadecadienoic acid has been implicated as the most biologically active because It is the predominant isomer 
incorporated Into the phospholipids of cell membranes, liver phospholipids and triglycerides (Kramer et al, 1 998). This 
Isomer Is also the predominant dietary form of CLA, obtained from fats derived from ruminant animals, including milk, 
dairy products and meat (Chin et at., 1 992, CShea et al., 2000). 

[0002] In addition to the ability of certain rumen-derived strains, including ButyrMbrio fibrfsotvens to form CLA from 
is dietary linoleic acid (Kepler and Tove, 1 967), ft has also been shown that certain cultures used in food fermentations 
possess the ability to generate c/s-9, trans-] 1 CLA. Strains of the intestinal flora In rats (Chin et al., 1 994), two strains 
of Proplonibacterium freudenretchflspp.. freudenrelchii and one strain of P. freudenrelchii subsp. shermanll (Jiang et 
al., 1 998), and six lactic cultures, including L acidophilus (Lin era/., 1 999) have been shown to possess this capability. 
In this study, we assessed a collection of strains, many which are human intestinal isolates (previously isolated from 
20 the human GIT) with probiotic potential, for ability to form the c/s-9, trans-1 1 CLA isomer, using llnolelc acid as the 
substrate. 



MATERIALS AND METHODS 

25 Maintenance of bacterial strains 

[0003] The 19 strains of Lactobacillus, 2 strains of Lactococcus, 1 strain of Pedlococcus, 4 strains of Proplonibac- 
terium and 19 strains of Bifidobacterium used in this study are listed In Table 1 . The UCC strains used in the study 
were previously Isolated from the human gastrointestinal tract (GIT) and obtained from University College Cork, Ireland 

30 under a restricted materials transfer agreement. 

[0004] The Lactobacilli, Pediococci and Bifidobacterium strains were cultured in MRS (Difco Laboratories, Detroit, 
Ml, USA) under anaerobic conditions (anaerobic jars with 'Anaerocult A' gas packs; Merck, Darmstadt, Germany) and 
1.5 % (w/v) agar (Oxold Ltd. Basingstoke, Hampshire, UK) was Included for plating. Pediococci, Lb.reuterl NCIMB 
702655, Lb. reuterf NCIMB 7025655 and Lb. reuterf DSM 2001 6 were routinely cultured at 30°C and the remaining 

35 Lactobacillus strains were cultured at 37°C for 24 h. For Bifidobacterium, 0.05 % (w/v) L-cysteine hydrochloride (98 
% pure, Sigma Chemical Co. St. Louis, MO, USA) was added to the medium and cultures were grown for 48 h at 37°C 
under anaerobic conditions. Lactococcus strains were cultured in MRS under aerobic conditions at 30°C for 24 h. The 
Proplonibacterium strains were cultured in sodium lactate medium (SLM, Malik et al. 1 968) at 20°C for 72 h under 
anaerobic conditions. Total viable counts were determined by pour plating of 10-fold serial dilutions in Maximum Re- 

40 cover/ Diluent (Oxold), using MRS agar for iactobacllll and MRS agar with 0.05 % (w/v) cysteine for bifidobacteria. 



Assay for microbial CLA production 



[0005] Prior to examination of the strains for CLA production, each was subcultured twice In MRS broth (supple- 
45 mented with cysteine, 0.05 % w/v for Bifidobacterium) for 48 h, using a 1 % innoculum. All strains were then cultured 
In MRS broth (supplemented with cysteine, 0.05 % w/v for Bifidobacterium), spiked with different concentrations of 
free linoleic acid (LA: c/s-9, c/s-12-octadecadlenoic acid, 99 % pure, Sigma Chemical Co.). This was added as a 30 
mg/ml stock solution of llnolelc acid in 2 % (v/v) Tween 80 (potyoxyethylene sorbltan mono-oleate; Merck-Schuchardt, 
Germany), which was previously sterile-filtered through a 0.45 |im Minisart filter (Sart<(irius AG, Germany). The strains 
so were inoculated to a density of 1 0 6 cf u/ml In free linoleic acid-containing MRS media and incubated for their respective 
times and temperatures (described above). Following incubation, 5 ml of the cultures were centrif uged at 960 x g for 
5 min at room temperature (Sanyo MISTRAL 2000R Centrifuge). 

[0006] The fatty acid composition of the resulting supernatant was analysed as follows. Initially, C 13:0 (trldecanofc 
acid, 99 % pure, Sigma Chemical Co.) was added to 4 ml of the resulting supernatant, as an Internal standard at a 
55 concentration of 0.25 x the initial linoleic acid concentration and lipid extraction was performed as follows. Two milliliters 
of isopropanol (99 % purity, Alkem Chemicals Ltd., Cork, Ireland) was added to the supernatant and the samples were 
vortexed for 30 sec. A total of 4.5 ml hexane (99 % purity, LabScan Ltd., Dublin, Ireland) was added to this and the 
mixture plased on a shaking platform for 3 min before centrlfugation at 960 x g for 5 min at room temperature. The 



2 



& ' 




supernatant (the hexane layer containing the lipids) was removed and the procedure was repeated twice. The hexane 
layers were pooled and stored at -20 °C prior to preparation of fatty acid methyl esters (FAME) for gas liquid chroma- 
tographic (GLC) analysis. 

5 Preparation of Fatty Acid Methyl Esters (FAME) and GLC Analysis 

[0007] The lipid extracts in hexane were analysed by GLC following acid-catafyzed methylation as described previ- 
ously (Stanton et at. , 1 997). Free fatty acids in oils such as sunflower and soybean oils were calculated as the difference 
between fatty acid concentrations obtained following acid and base catalyzed methylation, performed using 2 N meth- 

*o anollc KOH (Sigma Chemical Co.) at room temperature. 

[0008] The GLC was performed with reference to the InternaJ standard C 13:0 . Separation of the FAM E was performed 
on a Chrompack CP Sil 88 column (Chrompack, Mlddleburg, The Netherlands, 100 m x 0.25 mm l.d., 0.20 urn film 
thickness), using helium as carrier gas at a pressure of 37 psi. The injector temperature was held isothermally at225°C 
for 1 0 mln and the detector temperature was 250°C. The column oven was held at an Initial temperature of 1 40°C for 

f* 8 mln and then programmed at an increase of 8.5*C/mln to a final temperature of 200°C, which was held for 41 mln. 
Collected data were recorded and analyzed on a Minichrom PC system (VG Data System, Manchester, UK). The cfs- 
9, trans-U CLA isomer was identified by retention time with reference to a CLA mix (Nu-Chek- Prep. Inc., Eryslan, 
MN). The percentage conversion to CLA and the remaining llnolelc acid In the broth were calculated by dividing the 
amount of CLA and linoleic acid present in the broth after inoculation and incubation with the various cultures used 

20 with the amount of linoleic acid present In the spiked broth before incubation. 

CLA production by B. Breve NCFB 2258 using triglyceride bound Linoleic acid as substrate 

[0009] & breve NCFB 2258 was further investigated for ability to utilise triglyceride bound linoleic acid as substrate 
25 for CLA production. B. breve NCFB 2258 was inoculated from a fully grown culture into MRS broth with added cysteine 
(0.05 %) and trilinoleln (C 1B:2 , c/s-9, cis-12, 99 % pure, Sigma Chemical Co.), soybean oil and sunflower oil (purchased 
from a local grocery store) containing known linoleic acid concentrations. The triglyceride mixtures were sterile-filtered 
through 0 .45 |im Minisart filters and added as 5 mg/ml aqueous solutions in 2.5 % (v/v) Tween 80. Substantial vortexlng 
was required to dissolve the fat particles. The volume of the triglyceride stock solutions added was calculated to give 
£0 a final concentration of 0.2 mg linoleic acid/ml of broth. B. breve 2258 was Inoculated into MRS broth In the presence 
of the triglyceride substrates under anaerobic conditions at 37°C and incubated for 48 h. 

RESULTS AND DISCUSSION 

35 CLA production by bacterial strains 

[0010] Throughout the screening programme, the two Propionibacterium strains, Propionibacterium freudenreichii 
subsp. freudenreichii Propionic (PFF-6) and Propionibacterium freudenreichii spp. shermanfl 9093 (PFS), previously 
reported to syntheslse CLA from llnolelc acid (Jiang et af., 1 998) were used as positive controls. The CLA blosynthetlc 

to assay was set up, with the positive controls in SLM broth, using similar Incubation conditions as described previously 
(Jiang et al., 1 998). GLC analysis confirmed that the two strains did convert free llnolelc acid to the c/s-9, trans- 1 1 CLA 
Isomer following Incubation at 20 QC for 72 h, using CRM (certified reference material) 1 64 and CLA standards for fatty 
acid identification (data not shown). However, the levels of CLA produced by the two strains of Propionibacterium were 
lower than that reported previously by Jiang et al. (1 998), producing — 60 p.g/ml of CLA in comparison with 1 1 1 .8 u.g/ 

45 ml previously reported by Jiang et at. (1 998), using 0.5 mg/ml linoleic acid as substrate. In addition, we found that the 
amount of llnolelc acid remaining in the media following Incubation with the PFS strain was - 50 u.g/rnl, compared with 
289.5 n.g/ml reported previously (Jiang etal. t 1998). The variation in these data may be a result of differences in the 
numbers of cells present during Incubation, and possibly as a result of the different procedures used for fatty acid 
extraction and methylation. 

so [001 1 ] Three strains of Propionibacterium were then examined for their ability to produce CLA. These were Propi- 
onibacterium acldl propionic! NCFB 5633, Propionibacterium freudenreichii spp. shermanfl LMG 16424 and Propion- 
ibacterium freudenreichii spp. shermanilJS (Laboratorium Vlsby, Tonder, Denmark). The strains were Incubated In the 
presence of 0.5 mg/ml linoleic acid using the same growth conditions and media as described above. 
The two Propionibacterium shermanfl strains synthesized CLA In MRS media while Propionibacterium acldl propionic! 

55 did not produce any detectable CLA product (Table 1). The amounts of CLA produced by the two Propionibacterium 
shermanii strains (12-14 u.g/ml) were low however, compared with 60 mg/ml produced by PFS strain in this study. 
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Screening of Lactobacilli, Lactococci, and Pediococci for CLA production 

[0012] A variety of different strains of lactobacillf, lactococci, and pediococci, obtained from various sources (Table 
2) were tested for ability to produce CLA from linolelc acid. These strains Included a number of problotlc strains Including 

5 Lactobacillus saltvarlus UCC 4331 0, Lactobacillus sallvarfus UCC 43348, Lactobacillus paracasel UCC 43338, Lacto- 
bacillus paracasef UCC 43364, Lactobacillus paracasel UCC 4231 9, five strains of Lb. reuterl and the bacterlocln 
producing Lactcoccus factis DPC 3147 strain (Ryan et at., 1996). The strains were inoculated into MRS to a density 
of —1 0 e cf u/mi and Incubated under respective conditions as described above, In the presence of llnoleic acid concen- 
trations of 0.5 to 3.0 mg/ml. 

io [0013] The ability of the strains to grow in the different llnoleic acid concentrations varied considerably. Good growth 
of all five Lb. reuterii strains occurred at linolelc acid concentrations up to 1 mg/ml, while at 3 mg/ml, the growth of 
strains NCIMB 701 359 and NCIMB 70256 was completely Inhibited (data not shown). At all linolelc acid concentrations 
investigated, none of the Lb. reuteri strains investigated produced CLA in detectable quantities. 
Lactobacillus helvetlcus NCD0 1 244 exhibited no growth in 0.5 mg/ml linolelc acid while Lactobacillus lefchmanllNCDO 

is 302 showed good growth in the presence of high linolelc acid concetrations (3 mg/ml). However, none of the strains 
produced CLA from llnoleic acid (between 0.5 to 3 mg/ml) under the conditions used. 

CLA production from linoteic acid among Bifidobacterium strains cultured in MRS 

20 [0014] A variety of bifidobacteria obtained from a number of sources (Table 3) were screened for CLA production. 
Since free linoteic acid was found to be inhibitory to the growth of bifidobacteria strains, the minimum inhibitory con- 
centration of linolelc acid for the ft. breve strains was initially determined. This Involved inoculation (1 % from grown 
cultures) of the Bifidobacterium strains Into MRS containing free llnoleic acid concentrations ranging from 0.2 to 1.5 
mg/ml and Incubation under anaerobic conditions at 37°C for 48 h. The pH of the media remained unchanged following 

6 the addition of the linoleic acid substrate in this concentration range at pH — 6.1 . Viable bifidobacteria were enumerated 
at time zero and following 48 h Incubation In the presence of the llnoleic acid substrate. Viability of B. breve 2257 was 
unaffecetd in the presence of linoleic acid at concentrations up to 0.5 mg/ml. However, viability was dramatically reduced 
at 1 .0 mg/ml and only 1 .5 % survival was observed. In contrast the survival of strains ft breve 2258, 8807, 8815 and 
11815 was reduced to <60 % at linoleic acid concentrations of 0.2 mg/ml and higher. The bifidobacteria strains were 

50 then screened for CLA production from linolelc acid substrate at a concentration of 0.5 mg/ml, using the incubation 
conditions described above. A number of the Bifidobacterium strains investigated produced CLA following incubation 
In MRS containing 0.5 mg/ml linolelc acid, and the results from this screening program showed that there was consid- 
erable inter-species variation in the ability of bifidobacteria to produce CLA (Table 3). 

[0015] All 5 strains of Bifidobacterium breve species examined tested positive for CLA production with four of these 
35 strains producing more than 60 jig/ml CLA, while strain ft. breve NCFB 2257 produced 15p.g/ml under these conditions. 
In addition, ft. dentlum NCFB 2243 was an efficient CLA producer, also yielding >60 n.g/mg CLA (Table 3), while ft 
pseudocatenulatum NCIMB 8811 produced >15 jig/ml under the experimental conditions employed. Among the other 
bifidobacteria species Investigated, 3 strains of ft .adolescents, 2 strains of ft tongum and 1 strain each of ft. angu- 
latum, ft bifkium and ft. factis were all negative for CLA production (Table 3). The exact role of blohydroge nation in 
to the metabolic environment of the bacterial cell is unclear. In the study by Jiang et at. (1 998), strains which were able 
to produce CLA were those inhibited by the presence of free linoleic acid, but a positive correlation between CLA 
production and tolerance to llnoleic acid was observe within the three CLA producing strains of proplonibacterla. This 
suggests that the conversion of linoleic acid to CLA is a detoxification mechanism for the bacterial cell. This is supported 
by the fact that the antimicrobial activity of fatty acids with double bonds of cfe configuration is stronger than that of 
^5 trans (Kabara, 1983). 

[0016] The most efficient CLA producers were strains ft. breve 8815 and 2258 at llnoleic acid concentration of 1.0 
mg/ml. The strains ft breve 8815, 2258 and 2257 were present at less than 10 4 cells/ml at the highest llnoleic acid 
concentration (1.5 mg/rnl) and were not analysed for CLA conversion, ft breve NCFB 2258 converted ~50 % of the 
added linoleic acid to CLA at 0.2 and 0.5 mg/ml linoleic acid concentrations. The ability of B. breve NCFB 2258 strain 

50 to utilise triglyceride bound linoleic acid as substrate for CLA production, using trilinolein (C 18:2 , c/s-9, cis-12), sunflower 
and soybean oils was also investigated. The ft breve NCFB 2258 strain was found to be negative for ability to utilise 
triglyceride bound llnoleic acid as substrate at 02. mg/ml linoleic acid for CLA production (data not shown), from trili- 
nolein, sunflower and soybean oils. These data are in agreement with a previous study which showed that of 61 rumen 
isolates with ability to produce CLA, none utilised triglyceride bound llnoleic acid (Fujimoto et al, 1993). In addition, 

55 trilinolein did not inhibit the growth of ft breve 2258 to the same extent as similar concentrations of free linoleic acid 
(data not shown). This indicates that linoleic acid in the free fatty acid form is more toxic to bifidobacteria than triglyc- 
eride-bound linolelc acid. 
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Microbial biohydrogenation of unsaturated C 18 fatty acids 

[0017] B. breve 2258 and R freudenrelch If shermanft 9093 were screened for their ability to produce C LA. The strains 
were Incubated In duplicate in the presence of 0.5 mg/ml llnoleic acid (LA) and CLA (the pure c/s-9, trans-11 isomer), 

5 respectively, using the same growth conditions and media as described above. In order to compare the fatty acid 
composition, control cultures without added LA and CLA were also Incubated using the same conditions. The propl- 
onibacteria strain used in this study was previously reported to synthezise CLA from LA (Jiang etaJ., 1 998) and therefore 
used as a positive control. However, in this study, that result was not reproducible since the strain was clearly inhibited 
In the presence of LA and CLA and hence grew very poorly. No CLA production from that strain was therefore detected 

to and the results from the GLC analysis are not presented here. 

After separation (by centrifugatlon) of B. breve 2258 cells from the supernatant following incubation for 48 h, followed 
by lipid extraction and methylatlon, the fatty acid composition of both the cells (pellets) and the supernatant were 
analysed using GLC . 

is change in supernatant fatty acid composition following incubation of 0. breve 2258 with 0.5 mg/ml LA 

[0018] GLC analysis confirmed that B. breve 2258 converted LA to CLA. Of the added 0.5 mg/ml, only 0.27 mg/ml 
(54 %) remained in the supernatant (Fig. 5), while the remainder (46 %) was converted to other fatty acids, preferentially 
the c/s-9, frans-11 CLA isomer followed by cfc-9-C 18:1 (oleic acid) and a peak of unidentified fatty acids, which most 

20 likely Is another CLA isomer, although confirmation of this requires further study. The amount of c/s-9, trar?s-11 CLA 
produced was 0.136 mg/ml, and the unidentified fatty acids accounted for 0.03 mg/ml. The amount of these two fatty 
acids present In the control supernatant was negligible (Fig. 5) There was also a substantial increase of c/s-9-C 18:1 
(oleic acid) (64.8 % compared with the control supernatant), which indicates that B. breve 2258 harbours a CLA re- 
ductase enzyme that hydrogenates the tnans-11 double bond of c/s-9, f/ans-11 CLA. Compared to the control culture 

25 there was 64,8 % more stearic acid in the LA added supernatant. Smaller increases were observed also in the con- 
centrations of frans-11 C 18:1 (vaccenlc acid) (30.3 %) and C 18:0 (stearic acid) (17.5 %) compared with the control 
supernatant, suggesting that other hydrogenating enzymes may be Involved. 

Change in membrane fatty acid composition following Incubation of B. breve 2258 with 0.5 mg.ml LA 

30 

[0019] The fatty acid composition of the membranes from the cultures (pellet) grown in MRS medium with 0.5 mg/ 
ml LA was also analysed and compared with the control cultures (Fig. 9). Results are expressed as mg fatty acids from 
cells/ml fully grown culture (see section 3.4.2) The fatty acid concentration in the pellets In mg/ml is lower than that of 
the supernatant and therefore are not directly comparable. Results from the GLC analysis show that CLA was Incor- 

55 porated In the cell membranes, whereas the control culture contained negligible CLA. The c/s-9, frans-1 1 isomer was 
the most abundant CLA isomer and accounted for 0.012 mg/ml, which represents 70 % of the total CLA Isomers 
(assuming that the unidentified fatty acid peak was other CLA isomers). The content of the c/s-9-C 1 8:1 (oleic acid) 
was Increased (by 271 % compared with controls) In the membranes of B. breve 22BS cells Incubated In LA (0.5 mg/ 
ml), indicating the presence of a CLA reductase, which was capable of reducing the unsaturated transA 1 bond in CLA 

40 in B. breve 2258. The £rans-11 C 18:1 (vaccenlc acid) content of the cell membranes wes reduced (over 4-fold) In the 
LA treated cells compared with the control cells. As seen in the supernatant, a small Increase of 28 % In C 1 8:0 (stearic 
acid) was detected in the membranes of the LA treated cells compared with the controls (Fig. 9). 

Change in supernatant fatty add composition following Incubation of B. drove 2258 with 0.5 mg/ml c/s-9, trans- 
45 11 CLA 

[0020] In order to evaluate if B. breve 2258 possesses enzymes other than the putative llnoleic acid isomerase, 
Involved In the biohydrogenation of llnoleic acid, studies were undertaken using c/s-9, trans-\ 1 CLA as the substrate. 
Strain fl. breve 2258 was inoculated in MRS containing 0.5 mgrtnl of the pure c/s-9, frans-11 CLA isomer (Matreya Inc. 

50 pa, USA) and incubated for 24 h at 37°C. Following incubation in the presence CLA (0.5 mg/ml), only 0.32 mgAnl (65 
%) remained In the supernatant (Fig. 9) with the remaining 35 % converted to other fatty acids. The most predominantly 
formed fatty acid formed corresponded to the unidentified peak, observed following incubation with LA and eluted at 
43 mlns (Figs. 6 and 10). We propose this Is another CLA Isomer which was present at 0.12 mg/ml (71 % of the c/s- 
9, trans-n CLA peak). Oleic acid was also formed In the supernatant by B. breve 2258 following Incubation with cis- 

55 9, taans-11 CLA with an increase of 85.5 % compared with the control supernatant. Smaller increases were also ob- 
served in the concentration of f/ans-11 -C 1 8:1 (vaccenic acid) (74.5 % compared to control supernatant) and C 18:0 
(stearic acid) (23.9 % compared to control supernatant). 
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Change In membrane fatty acid compositio following Incubation os B. breve 2258 with 0.5 mg/ml c/s-9, trans- 
11 CLA 



[0021 ] The lipid composition of the membrane following Incubation of B. breve 2258 In trans- 1 1 CLA was also 

5 compared with control cells Incubated In the absence of CLA. 

The fatty acid composition of the membranes from cultures inoculated in MRS containing 0.5 mg/ml of the pure c/s-9, 
frans-11 CLA isomer shows that the membrane composition changed compared with the control. C/s-9, trans-U CLA 
was incorporated into the membrane of the culture grown In the presence of CLA (0.03 mg/ml) compared with the 
culture, grown In the absence of CLA, which contained no CLA (Fig. 12.). The same unidentified fatly acid as observed 

*0 in the supernatant was also present in the membrane following Incubation with c/s-9, fcans-11 CLA (0.012 mg/ml). 
Verification of the identity of this fatty acid will be important, as clearly the bacterial cell has the capacity to convert c/s- 
9, trans-M CLA to this compound, the possibility Is that it is another CLA isomer, although this was not verified in this 
study, nor was its exact identity confirmed. This could be accomplished using co-eluting fatty acid standards analyzed 
by GLC or by GCMS. An increase of 54.8 % in the cis-9-C 18:1 oleic acid membrane content was obtained following 

ts incubation of ft breve 2258 In CLA (0.5 mg/ml). This amount of oleic acid In the membranes, formed relative to the 
control, was greater in the LA treated cells (2.7-fold Increase) than the CLA treated cells. As observed In the cell 
membranes obtained following incubation of ft breve225B In LA (0.5 mg/ml), the frans-1 1 -C 1 8:1 vaccenic acid content 
of membranes was lower In the cells incubated with c/s-9, trans-U CLA than the control pellets (5.8-fold greater in the 
control). Only a very small increase was obtained in the content of C 1 8:0 stearic acid in the membranes of CLA treated 

20 cells compared with controls. 

[0022] The GLC analysis confirmed that ft breve 2258 converted LA to CLA and that a significant amount of another, 
as yet, unidentified Isomer was also formed and the data also, it also Indicates that a further blohydrogenation of cfs- 
9, f/ans-11 CLA to C 18:1 Isomers, preferably the c*s-9-C 18:1 Isomer occurs as a result of incubation with 0. breve 
2258 strain. Since also a small increase of C 18:0 was detected in the chromatogram, it is possible that additional 

25 enzymes are involved, but whether this activity is significant is unclear. The increase in saturation was obtained in both 
the supernatant and the bacterial pellets. Also when the pure CLA Isomer was incubated with ft. breve 2258 it was 
furtherhydrogenated to more saturated fatty acids, primarily c/s-9-C 18:1. This may support the theory that Incorporation 
of a trans fatty acids instead of c/s, and saturation or trans conversion of c/s double bonds is a strategy for the bacterial 
cell to counteract for the increased fluidity that occurs when LA and the c/s-9, trans-*\ 1 CLA isomer (which has a c/s 

30 bond) Is interfering with the membranes which leads to expansion of membrane, elevation of membrane permeability 
and impairment of membrane functions (Junker and Ramos, 1999; Weber era/., 1994). 

Interestingly In this study, the differences in fatty acid composition when adding LA and CLA respectively, to the su- 
pernatant and pellets, is not very significant. When adding the pure c/s-9, frans-1 1 CLA Isomer to the supernatant ft is 
converted to a great extent to other CLA Isomer, which is not the case In the LA added supernatant. 

35 [0023] Because of all the beneficial health effects of CLA, the ability of strains of bifidobacteria, natural inhabitants 
of the Intestine, to convert free linoleic acid to CLA can be considered as a novel problotlc trait. Indeed, it Is tempting 
to suggest that the anticarcinogenic activity ascribed to some of these probiotic bacteria could be linked to their ability 
to produce CLA. Development of probiotic dairy products with elevated CLA levels also provides an exciting opportunity. 
Exploitation of probiotic bifidobacteria harbouring CLA blosynthetlc capabilities offers novel opportunities in the rational 

40 design of Improved health-promoting functional foods, with the benefits of enriched CLA and probiotic bacteria. 
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Table 1 



Screening of Prop Ion (bacterium strains for CLA production from linoleic acid In MRS media. 


Strain 


Remaining 


CLA produced 




LA (u.g/ml) 


(u^/ml) 


Racidi 


87.5 




proplonicl NCFB 






5633 






R freudenrelchiispp. 


73.0 


12.1 


shermanii LMG 16424 






R freudenreichii spp. 


73.0 


13.8 


shermanii JS (Vlsby) 







Table 2 



45 



50 



55 



Strains screened forCLA production 


Species 


Code 


Source 


Lactobacillus 


NCIMB 11951 


Adult intestine 


reuteri 






Lactobacillus reuteri 


NCIMB 701359 


Unknown 


Lactobacillus reuteri 


NCIMB 701089 


Unknown 


Lactobacillus reuteri 


NCIMB 702655 


From rat 


Lactobacillus reuteri 


NCIMB 702656 


From rat 


Lactobacillus reuteri 


DSM20016 




Lactobacillus helvetfcus 


NCDO 257 




Lactobacillus helveticus 


ATCC 15009 




Lactobacillus helveticus 


NCDO 1244 
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Table 2 (continued) 



5 



10 



13 



20 



Strains screened forCLA production 


Species 


Code 


Source 


Lactobacillus leichmanii 


NCDO 299 




Lactobacillus leichmanii 


NCDO 302 




Lactobacillus fermenticum 


ATCC 338 




Lactobacillus acidophilus 


ATCC 4356 




Lactobacillus paracasei 


UCC 43338 


Human GIT 


Lactobacillus paracasei 


UCC 43364 


Human GIT 


Lactobacillus 


UCC 42319 


Human GIT 


paracasei 

Lactobacillus salivarius 


UCC 43310 


Human GIT 


Lactobacillus salivarius 


UCC 43348 


Human GIT 


Lactobacillus 


DPC 5338 


from cracker 






Barrel 


Bifidobacterium breve 


NCTC 11815 




Lactcoccus faciis 


DPC 3147 




Lactococcus tactls 290P 


DPC 152 




Pediococcus pentasescus 


FBB63 





25 



30 



35 



50 



Table 3 Conversion to CLA by Bifidobacterium strains cultured in MRS broth containing cysteine spiked 


with 0.5 mg/rnl linolelc acid for 48 h. 








Species prod. 


Strain 


Source 


Growth In 0.5mg/ml 


CLA 


a 


NCFB2204 


Adult Intestine 




0 


adolescent 
is 










B. adofescentis 


NCFB2230 


Adult intestine 


02 


.3 


B. adofescentis 


NCFB 2231 


Adult intestine 




0+ 


B. angulatum 


NCFB 2236 


Human faeces 


+ 


0 


B. bifidum 


NCFB 795 


Human milk 


+ 


0 


0. breve 


NCFB 2257 


Infant Intestine 


+ 


++ 


B. breve 


NCFB 2258 


Infant intestine 






B. breve 


NCTC 11815 


Infant intestine 




+-H- 


B. breve 


NCIMB8815 


Nursing stools 




+-M- 


B. breve 


NCIMB8807 


Nursing stools 




+++ 


B. dentium 


NCFB 2243 


Dental carries 


+ 


+-H- 


B. infantss 


NCFB 2205 


Infant intestine 


+ 


0 


B. infantis 


NCFB 2256 


Infant intestine 


+ 


0 


B. lactls 


Bb12 


Chr. Hansens 


+ 


0 


B. longum 


BB536 


Visby 




0 


Bifidobacterium sp. 


UCC 35812 


Adult intestine 


+ 




Bifidobacterium sp. 


UCC 35624 


Adult Intestine 


+ 


+ 


Bifidobacterium sp. 


UCC 35658 


Adult intestine 




+ 



1. growth 

2. no growth 

3. not determined 

4. no CLA produced 

5. > 5 ug/rnl CLA 

6. > 1Sng/ml CLA 

7. > 60 pg/ml of broth 
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(continued) 



Table 3 Conversion to CLA by Bifidobacterium strains cultured In MRS broth containing cysteine spiked 


with 0.5 mg/ml Hnoleic acid for 48 h. 








Species prod. 


Strain 


Source 


Growth In 0.5 mg/ml 


CLA 


Bifidobacterium sp. 


UCC 35675 


Adult intestine 


+ 


+ 


Bifidobacterium sp. 


UCC 35687 


Adult intestine 


+ 




ft 


NCIMB8811 


Nursling stools 




+ 


pseudoca tenulatum 
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Claims 

15 1. Process for production of CLA by cultivating a microorganism of tha genus bifidobacterium in the presence of 
linoleic acid and isolating the formed CLA. 

2. Process according to claim 1 wherein the CLA Is ds-9, trans-11 octadecadlenolc acid. 

20 3- Process according to claims 1 -2 wherein the microorganism is selected from the group consisting of bifidobacterium 
breve, bifidobacterium dentium and bifidobacterium pseudocatenu latum. 

4. Process according to claims 1 -3 wherein the concentration of linoleic acid in the culture medium Is higher than 1 
mg/ml. 



25 



30 



40 



45 



50 



5. The use of a microorganism of the genus bifidobacterium as a probiotics in food and feed. 

6. The use according to claim 5 in order to prevent or reduce the effects of diarrhoea, infections, cancer, antibiotic 
treatment 



55 
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Fig. 5. Fatty acid composition of supernatant following incubation in MRS medium 
containing 0.5 mg/ml LA with B. breve 2258 for 24 h. The control was B. breve 2258 
incubated in MRS medium alone. 
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Fig. 6. GLC chromatogram of B. breve 2258, control supernatant 
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Fig. 7. GLC chromatogram of B. breve 2258, added LA supernatant 
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Fig. & Chromatogram of CLA standard (Nu- Chek- Prep. Inc. Elysian MN). Separation 
was performed on Chrompack CP Sfl 88 column (Chrompack, Middleburg, The 
Netherlands) (60 m x 0.25 mm i.d., 0.20 ^m film thickness). The retention time on this 
column is different from the column used for the bacterial fatty acids. 



CWSWCWP 
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Fig. 9. Fatty acid composition of pellets following incubation in MRS medium containing 
0.5 rug/ml LA with B. breve 2258 for 24 h. The control was B. breve 2258 incubated in 
MRS medium alone. 
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Fig. 10. Fatty acid composition of supernatant following incubation in MRS medium 
containing 0.5 mg/ml cis-9, trans -1 1 CLA with B. breve 2258 for 48 h. The control was 
B. breve 2258 incubated in MRS medium alone. 
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Fig. 11. GLC chromatogram of B. breve 2258, added CLA supernatant. 
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Fig. 12. Fatty acid coirposition of pellets following incubation in MRS medium containing 
0.5 mg/ml cis-9> transAl CLA with B. breve 2258 for 48 h. The control was B. breve 
2258 incubated in MRS medium alone. 
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